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Abstract 
Through the concrete, steel material mechanics and chemistry special inspection on track beam, and rail beams 
bearing capacity of calculation and analysis, explicit Zhanjiang plant coal wharf portal crane rail beam crack 
formation is mainly due to water corrosion of reinforcement and long-term erosion caused by the joint action of 
dynamic loads. After running 15 years, the corrosion quantity of rail beam rebar is 0.7 mm, in the late period of 
development steel corrosion, directly affects the structure of bearing capacity. The corrosion of reinforcement 
concrete and reinforced area decreasing, reinforced bite force weakened, lead to a significant long-term operation 
structure safety hazard. On the assumption that, under the rebar corrosion quantity with running time, the structure of 
the bearing capacity of growth will no longer meet the requirement of the engineering specifications. Analysis and 
study of the causes of cracks in the future for terminal maintenance and reinforcement of operation management and 
provide scientific basis, for similar project offers a useful reference. 
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1. Introduction 
Zhanjiang Plant is located in Zhanjiang City, Guangdong Province, situated in the low latitude district 
of the south of the Tropic of Cancer. On the bank of the South China Sea, it has obvious tropical maritime 
climate. The tide in the Port is the irregular semidiurnal tide with a clear back and forth flow 
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characteristic. The ZDWHU¶VVDOLQLW\is high when the tide comes in and low when the tide goes out. The 
salinity in the middle level is close to that in the bottom at high tide and close to it on the surface at low 
tide. The salinity varies between the surface and the bottom from Åto Å. The salinity in the 
bottom is relatively stable.  
The rail beam of Zhanjiang plant coal wharf was founded in 1995. The wharf was expanded in 1997. 
During the underwater inspection in August 2009 before thorough repair of the plant, a large number of 
horizontal cracks were found in the bottom of the crane rail beam[1]. What is the reason for the cracks? Is 
it caused by the wharf expansion? Does the carrying capacity of the rail beam meet the requirements? Can 
the production safety of the plant coal wharf be ensured? All those issues must be addressed urgently. 
Through the conventional mechanical and chemical inspection of the concrete and steel material, this 
paper analyzes the carrying capacity of the track beam and the cause of cracks based on detection and 
calculation, and discusses the long-term safety of the track beam structure. 
2. Cracks Detection and Structure Carrying Capacity Analysis of the Track Beam 
2.1. Survey of Crack Appearance 
Zhanjiang Plant Coal Wharf is the high-pile beam and slab structure. It was designed with the berthing 
capacity of 50,000 tons, 255.0m long and 27.0m wide. It is divided into five sub-structures from south to 
north, totally 45 bents. The surface elevation of the wharf is +7.0 m and the front soil surface elevation is 
-12.0m. Parts of the piles in the wharf apply 550 × 550 pre-stressing concrete square stakes. The upper 
components include: cap 270 pieces, horizontal beam 270, stringer 80, the track beam 88 (including 
cantilevereGHQGʌSODWH, and so on. Designed high-water level is 4.75mˈdesigned low-water level 
is 0.60m, designed perennial water level is 2.00m.The typical section of the wharf is shown in Figure 1. 
 
 
 
 
 
 
Fig.1 The Typical Section of Zhanjiang Plant Coal Wharf 
The appearance survey shows that the crack is the main form of damage for the rail beam. The cracks 
are concentrated both sides in the bottom and within 30cm above the bottom of the beam. They are 
mainly the horizontal cracks. It is corroded significantly in the bottom of the beam. With the lower of the 
elevation, the corrosion level increases with a typical characteristic of chloride corrosion in the splash 
zone. Statistics of corrosion and damage condition of the track beam shows, among all 80 components, 
195 cracks and 32 rusty blocks is detected. Crack length is between 0.05~6.00mm, average length is 
4.2mm, and total length is 818.7m. Breakage ratio is 100%. 
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     Fig. 2 The Typical Cracks of the Track Beam Cracking   
 
      Fig.3 Corrosion and Cracks in the bottom of the Track Beam 
2.2. The Mechanical and Chemical Inspection of the Track Beam 
2.2.1. Concrete Strength and Steel Bar Corrosion Detection  
After inspection, the concrete strength meets the design requirement. The carbonization depth of the 
track beam is between 0 ~ 4mm and the average thickness of the protective layer also reaches the design 
requirements. The carbonization depth is far less than the thickness of the concrete cover.  Therefore, 
carbonization is not the main reason for steel bar corrosion. The corrosion of the sectional area of the steel 
is shown in Table 1. 
2.2.2. Measurement of Steel Half Cell Potential and Concrete Resistivity[2] 
After test, the steel half cell potential of the track beam is below -350mV near the designed high-water 
area (+4.75m or so). According to the relevant provisions of JTJ302-2006 and ASTM C-876, when the 
potential is less than -350mV, the probability of corrosion is 90 /%. 
Table 1 Steel Bar Corrosion in the Track Beam(Unit/mm) 
position Reinforced state Designed diameter 
Measured 
diameter 
corrosion 
quantity 
Along the east of beam1, 
rail beam 1-2 Steel corrosion at surface 22.0 21.7 0.3 
Along the west of beam1, 
rail beam 2-3 
Mild  corrosion at surface of steel rebar, rib, thread basic intact 22.0 21.7 0.3 
Stirrup corrosion at lateral of reinforcement, a superficial rust 
pit ² ² ² 
Along the east of beam1, 
rail beam 2-3 
Main reinforcement corrosion at lateral, rust corrosion founded 
at surface, deepest pit is 0.5 mm 22.0 21.8 0.2 
Reinforcement stirrup corrosion serious 10.0 9.3 0.7 
east side of beam 1,rail 
beam 34-35 Corrosion serious and Reinforced thread nearly flat 22.0 21.6 0.4 
east side of beam 2,rail 
beam 34-35 Corrosion only at Surface, reinforced thread basic intact 22.0 21.9 0.1 
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Table 2 Concrete Resistivity and Steel Bar Corrosion State Discrimination (Technical Standard for Iinspection of Building Structure 
GB/T50344-2004 Appendix D) 
Serial number Concrete ResistivityNȍÂFP Corrosion State of Reinforced 
1 >100 no corrosion 
2 50̚100 corrosion with low speed 
3 10̚50 corrosion with middle or high speed will appeared during Reinforced activation 
4 <10 corrosion resistance rate is not controlling factors 
2.2.3. Chloride Ion Penetration 
The concrete powder samples are drilled out stratified by the use of a percussion drill with the 20mm-
diameter drill in five layers. The chloride ion concentration distribution data in the concrete is expressed 
with the total chloride ion concentration and the water-soluble chloride ion concentration. The results are 
shown in Table 3. 
Table 3 The Track Beam Chloride Ion Contents Detection Results (Chloride Ion Contents: percentage of the concrete quality) 
name Corresponding position depth 
0̚1cm 1̚3cm 3̚5cm 5̚7cm 7̚9cm notes 
G-01 100 cm from the bottom of 
east-side, beam 2,rail beam 35-
36 
0.084 0.055 0.038 0.033 0.026 water-soluble 
0.090 0.058 0.052 0.052 0.030 total chloride 
G-02 30 cm from the bottom of east-
side, beam 2,rail beam 35-36 
0.323 0.339 0.188 0.129 0.096 water-soluble 
0.398 0.429 0.126 0.171 0.151 total chloride 
G-03 70 cm from the bottom of east-
side, beam 1,rail beam 35-36 
0.305 0.316 0.212 0.193 0.137 water-soluble 
0.513 0.343 0.244 0.238 0.169 total chloride 
G-04 70 cm from the bottom of 
west-side, beam 1,rail beam 
35-36 
0.123 0.193 0.187 0.112 0.066 water-soluble 
0.163 0.208 0.236 0.148 0.081 total chloride 
G-05 30 cm from the bottom of east-
side, beam 2,rail beam 34-35 
0.317 0.387 0.379 0.205 0.109 water-soluble 
0.306 0.438 0.434 0.265 0.148 total chloride 
G-06 90 cm from the bottom of east-
side, beam 1,rail beam 34-35 
0.075 0.095 0.045 0.033 0.005 water-soluble 
0.101 0.095 0.052 0.040 0.022 total chloride 
Chloride ion content varies with depth. It is high in the surface and decreases with the internal concrete. 
According to reports, for the concrete structure in the splash zone of South China Harbor, the chloride ion 
critical content of steel corrosion is about 0.059% ~ 0.107% (by concrete quality). The real results show 
that the chloride ion contents near most of the measurement points of steel bars (ie, 5cm ~ 7cm) are 
greater than the critical value, indicating that the majority of steel has began corrosion.  
Along the west of 
beam1,new rail beam 4-5 reinforced keep basic intact ² ² ² 
Along the east of 
beam1,new rail beam 4-5 
Main reinforcement corrosion partly at lateral, basic intact 
inside 25.0 24.5 0.5 
Reinforcement stirrup Corrosion at outside, basic intact inside 12.0 11.7 0.3 
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2.3. Review of the Original Designed Carrying Capacity of the Track Beam  
2.3.1. Reviewing the Working Condition and Parameters  
According to the daily operating condition of the plant coal wharf, the track beam selects two most 
adverse working conditions: 
 (1) There is no distance restriction between the cranes(WC1). The single-Pin frame is covered by the 
maximum load according to the crane size. In other words, two cranes both act on a wheel of the 
additional third crane (sea side); 
 (2) The restricted distance exists between the cranes(WC2). The crane is covered by the maximum 
load according to its size, adding one leg of a crane to the other crane. 
The load distribution is simplified to a linear load. The single wheel pressure of the old door cranze is 
450KN with the tread of 0.9m, so the evenly distributed load of the approximate leg is 500KN/m; the 
maximum single wheel pressure of the new crane is 410.7KN with the thread of 0.834m, so the evenly 
distributed load of the approximate leg is 492.44 KN/m. 
The designated cargo load of the wharf is 20KN/m2. As the cargo load is arranged in the one-way ʌ-
board outside the track beam, WKHIRUFHWUDQVPLVVLRQSDWKLVʌSODWH - beam ± pile, which has almost no 
effect on the internal force of the track beam. Therefore, cargo load can not be considered when 
distributing the load of the track beam.  
The moment redistribution coefficient of the continuous beam support rail is uniformly 0.4. Consider 
the pile to be clamped-end support, considering only the parts above the pile cap, so the calculation 
diagram of the sea side and land side is shown in Figure 4. 
 
Fig. 4 The Calculation Diagram of the Sea Side and Land Side Frame   Unit: mm 
2.3.2.  The Load Diagram under the Condition of No Restricted Distance and the Restricted Distance 
Under the condition of no restricted distance, arrange two cranes completed to act on one wheel of the 
additional third crane (sea side) to an utmost degree according to the size of the crane. The load diagram 
of the sea side and land side is shown in Figure 5 and Figure 6 respectively. 
 
Fig. 5 The Load Diagram of the Sea Side Frame (WC1, No Restricted Distance)  Unit: KN/m 
 
Fig. 6 The Load Diagram of the Land Side Frame (WC1, No Restricted Distance)  Unit: KN/m 
Under the condition of the restricted distance, arrange one crane plus a support leg of the other crane to 
the utmost degree according to the size of the crane. The load diagram of the sea side and land side is 
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similar with Figure 5 and Figure 6 respectively. The maximum internal force of the crane rail beam is 
summarized in Table 4. 
Table 4 Contrast of the Bearing Capacity and the Internal Force Value under the Condition of the Original Reinforcement 
Position  Content WC1 WC2 Maximum Force Bearing capacity Conclusion 
Sea side Support moment (KN.m) 1686.5 1685.6 1686.5 1702.6 Satisfy 
Mid-span moment(KN.m) 835.8 850.1 850.1 1766.4 Satisfy  
Bearing shear(KN) 1590.8 1590.5 1590.8 2008.7 Satisfy 
Land side Support moment (KN.m) 1488.5 1480.1 1488.5 2358.9 Satisfy 
Mid-span moment(KN.m) 882.2 921.6 921.6 1835.8 Satisfy 
Bearing shear(KN) 1577.9 1550.5 1577.9 1950.2 Satisfy 
2.3.3. The Bearing Capacity of the Deep Bending Components  
Calculate the normal section bending bearing capacity of the deep bending components according to 
the relevant specifications[3]. The contrast of the bearing capacity and the internal force value under the 
condition of the original reinforcement of the track beam is shown in Table 4. The results show that the 
bearing capacity under the condition of the original reinforcement meets the specifications. 
3. Crack Causes and Its Long-term Influence Analysis  
3.1. Crack Cause Analysis on the Track Beam[4] 
 (1) From the crack appearance, most of the cracks on the rail beam are concentrated both sides in the 
bottom and within 30cm above the bottom of the beam. They are mainly the horizontal cracks. The cracks 
on the horizontal beam are 60mm deep and 3-6mm wide. The average length of a single seam is 
4.2m/strip. Through structure review calculation, under the condition of the original reinforcement of the 
beam, the bearing capacity of the cross-bending moment and the support bending moment both meet the 
current design specifications, so it can basically exclude the possibility of cracking in the bottom of the 
beam due to the external loads. 
 (2) The field test shows that the carbonization of the rail beam is between 0 ~ 4mm in depth which is 
far less than the thickness of the concrete cover. In the steel corrosion damage area with good concrete 
cover, the concrete carbonization depth is shallow and has not yet arrived around the steel, indicating that 
the steel corrosion is not caused by the carbonization; chloride ion has penetrated around the steel and has 
aggregated certain contents, which is the main reason for steel corrosion.  
 (3) The rust volume expansion puts pressure on the surrounding concrete and will make the concrete 
crack along the steel bar direction, thereby forcing the protective to flake. And the cracks and the flake of 
the protective layer further lead to more severe corrosion. Especially, some cracks have extended to the 
surrounding steel bar, which provides a convenient access for the penetration of the chloride ions and 
other harmful impurities and the conditions for further corrosion. 
Therefore, the rail beam cracks are not caused by the bearing capacity of the structure but mainly by 
the steel corrosion due to the environmental factors. The dynamic load of the structure makes the cracks 
further expand and deteriorate. In other words, the cracks are mainly caused by the combined effect of the 
steel corrosion by the sea water and the dynamic load.  
3.2. Presumption of Steel Corrosion Stage and Assumption of Steel Corrosion Amount 
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The chloride from the marine environment and the de-icing salt for snow and ice are the main causes 
of the steel bar corrosion [5]. The corrosion process is divided into the following stages: the incubation 
stage, the development stage, the destruction stage and the hazard stage.  
The incubation stage of corrosion is from concrete pouring to steel passivation, that is, till the time 
when the steel begins to rust up. This period of time is t0. Corrosion development stage starts from the 
beginning of corrosion to the damage phenomena on the surface of the concrete cover due to steel 
corrosion expansion (such as splitting, cracking or flaking along the steel bar). This period of time is t1. 
Corrosio expansion to damage period is from the damage on the concrete surface due to the steel bar 
corrosion till the serious splitting and flaking of the concrete cover, needing a comprehensive repair. This 
period of time is t2. Corrosion hazard period has been extended to the regional damage of the structure, 
the structure being not safe to use. This period of time is t3.  
In general, t0>> t1>> t2>> t3, which means once the steel bar begins to be damaged, it shows an 
accelerating trend. [6] From the detection results of Zhanjiang plant, the corrosion amount of the track 
beam in the early days of the project completion is 0mm. After 15 years, the corrosion amount reaches 
0.7mm. Based on the steel corrosion classification, the component part of the track beam is at the late 
stage of corrosion development, which is a turning point. After that, it is an accelerated process with the 
evidence of the increasing corrosion. The corrosion rate will grow fast. 
For the structural carrying capacity of the track beam, the amount of steel corrosion is the most 
sensitive factor. Based on the similar projects at home and abroad, assuming it runs for further five years, 
seven years later, the possible diameter decrease of the steel corrosion is 3mm and 4mm respectively. 
Table 5 Steel Corrosion Amount at Different Times in the Concrete 
time(year) 0 3 5 8 10 13 15 20 22 remark 
d(mm) 0 0.01 0.03 0.07 0.15 0.4 0.7 3 4 0.7mm is  true value  
in which: t: time (annual), d: steel corrosion diameter (mm) 
The Bearing Capacity of the Track Beam in a Long-term Operation  
According to the classification and amount assumption of steel bar corrosion, currently, the maximum 
reduction value of steel corrosion diameter of the beam structure is 0.7mm. If all the steel corrosion 
values reach 1mm, 3mm and 4mm respectively, the bearing capacities of the supprt moment at the sea 
side does not meet the specifications. The differences are 7.93%, 24.36% and 31.98% respectively. The 
rest bearing capacities of the sea side and land side all meet the requirements. The bearing capacity 
calculations are shown in Table 8. So, with the increase of the running time, under the assumption amount 
of steel corrosion, the bearing capacity of the structure will not meet the engineering specifications. 
The steel bar has a great impact on the structure after corrosion.[7] Due to the serious steel corrosion 
and concrete cracking, when all the steel corrosions are in the development stage, with the reduction of 
steel bar diameter, various carrying capacities of the track beam structure in Zhanjiang Plant significantly 
decrease. It also has a significant impact on the flexural property and the shear property of the structure. 
Meanwhile, the weakening of the bonding property of the steel and the concrete, the performance under 
the action of load and the dynamic performance will further affect the carrying capacity of the structure. 
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Table 6 Steel Corrosion Calculation Results 
Position Support moment (KN.m) Force value 1mm 3mm 4mm Conclusion 
Land side Mid-span moment(KN.m) 1686.5 1552.8 1275.7 1147.1 Disatisfy 
Bearing shear(KN) 850.1 1611.0 1323.5 1190.1 Satisfy  
Support moment (KN.m) 1590.5 1942.8 1828.8 1780.2 Satisfy 
The sea side Mid-span moment(KN.m) 1488.5 2149.8 1770.4 1592.5 Satisfy 
Bearing shear(KN) 921.6 1674.3 1375.5 1236.9 Satisfy 
Support moment (KN.m) 1577.9 1875.0 1746.4 1692.0 Satisfy 
4. Conclusion  
Through the specific mechanical and chemical inspection of the concrete and steel material on the 
track beam, based on the calculation and analysis of the carrying capacity of the track beam, it clarifies 
that the cracks on the crane rail beam of Zhanjiang plant coal wharf is mainly due to the combined effect 
of steel corrosion by long-term sea water erosion and the dynamic load.  
After 15 years of operation of the project, the amount of steel corrosion on the track beam is 0.7mm, 
which is in the late period of steel corrosion development, directly resulting in the decrease of the 
carrying capacity of the structure. After the corrosion, the steel area reduces and the bonding force 
between the concrete and the steel bar is weakened, leading to the significant security risks of the 
structure in the long run. With the increase of the running time, under the assumption amount of steel 
corrosion, the bearing capacity of the structure will no longer meet the engineering specifications. Crack 
cause analysis and research provides a scientific basis for the repair and reinforcement of the wharf and 
the future operation and management and a useful reference to the similar projects. 
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